Supplementary
where a is the optical fibre radius. The calculated resonance frequencies of 0m R modes in the standard SMF (a = 62.5 µm) are listed in Supplementary Table 1 The guiding characteristics of the transverse acoustic waves in a standard optical fibre is described here with the dispersion diagram of the participating optical and acoustic waves (Supplementary Figure 1) that is numerically simulated using the elastodynamic equation 2 . For the forward stimulated Brillouin scattering (FSBS) process, two co-propagating optical waves with frequencies ω1 and ω2, respectively, couple to the transverse acoustic modes that satisfy the phase matching conditions, Ωm = Δω = ω1 ⎼ ω2 and K(Ωm) = Δk = k(ω1) ⎼ k(ω2) (see Supplementary Figure 1 (a) ). For small axial wave vector K, the phase velocities of the transverse acoustic waves are extremely high whereas their group velocities are negligibly small (blue lines in Supplementary Figure 2 (b) ). Thus, the phase matching condition is relaxed because a broad range of acoustic phase velocities Va = Ω/|K| can match with the group velocity of the guided light vg = Δω/Δ|k| for a particular acoustic mode. Since the group velocity of light is close to its phase velocity for standard SMF in telecom wavelengths, the transverse acoustic waves propagate along the fibre at the same axial velocity as the guided light.
The FSBS spectrum can be observed experimentally using a non-distributed technique with optically isolated pump and probe waves 1 . The pump is an intense light that stimulates the transverse acoustic waves whereas the probe is configured as an interferometer to convert phase shifts induced by the transverse acoustic waves into intensity changes measurable by a photodetector. A specific frequency sweeping method 3 is used here to measure the integrated FSBS spectrum of standard SMF, the result is shown in Supplementary Figure 2 . Due to the partial overlapping between the optical and acoustic fields, the peak intensities of the transverse acoustic modes vary across the spectrum. The most efficient FSBS resonant mode is the 7th mode which is indicated in the red box in Supplementary Figure 2 . This mode is selected and its distributed spectral profile along the fibre is measured and analysed.
Supplementary Note 2
Acoustic impedance sensing using optical fibre with a thin polymer coating
Stripping the sensing fibre of its coating is a simplified case for demonstrating the concept of distributed 
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